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The burden of alcohol misuse on our nation's public health (Grant et al., 2015 , Okoro et al., 63 2004 , Sacks et al., 2015 extends to the U.S. Armed Forces, where hazardous drinking poses threats to 64 both the health of individual servicemembers and troop readiness (Bray et al., 2013 , Hurt, 2015 . 65
Military personnel who drink heavily suffer more accidents/injuries; occupational, relational, and legal 66 problems; and productivity loss than others (Mattiko et al., 2011) . Moreover, alcohol misuse is 67 associated with mental disorders (Sampson et al., 2015 , Stein et al., 2017 , suicidal ideation (Mash et al., 68 2014) , and suicide (LeardMann et al., 2013) among servicemembers. Improved understanding of scope 69 and risk factors may help reduce alcohol misuse and its sequelae within the military population. 70
Deployment to a combat zone increases risk of alcohol misuse among certain subgroups 71 (Jacobson et al., 2008) . Yet systematic characterizations of drinking behavior across military deployment 72 cycles are scarce (Harbertson et al., 2016 , Hurt, 2015 ; and few prospective studies have investigated 73 risk factors for post-deployment alcohol misuse. A notable exception from the Millennium Cohort Study 74 examined alcohol misuse among >48,000 previously non-deployed U.S. servicemembers surveyed in 75 2001 -2003 and 2004 -2006 (Jacobson et al., 2008 . Deployment with combat exposure during the time 76 between surveys was associated with onset of binge drinking among active-duty personnel; and with 77 onset of binge drinking, heavy drinking, and alcohol-related problems among Reserve/National Guard 78 personnel. Risks were not elevated among personnel who were deployed but not exposed to combat. 79
Non-combat-related stress also may contribute to risk for alcohol misuse. Independent of 80 combat stress exposure, personal life stressors were associated with subsequent Alcohol Use Disorder 81 (AUD) among Ohio National Guard members who had deployed to Iraq or Afghanistan (Cerda et al., 82 2014) . Similarly, changes in alcohol consumption were associated with personal life events but not 83 deployment to Iraq/Afghanistan among UK military personnel (Thandi et al., 2015) . Vulnerability to 84 post-deployment alcohol misuse also may depend on socio-demographic and military service 85 5 characteristics (Boulos and Zamorski, 2016, Jacobson et al., 2008) or mental health factors such as 86 posttraumatic stress disorder (PTSD) and major depressive disorder (MDD), which are consistently 87 linked to alcohol misuse in military samples (Jacobson et al., 2008 , Kehle et al., 2012 , Thandi et al., 2015 , 88 Thomas et al., 2010 , Stein et al., 2017 . 89
The Army Study to Assess Risk and Resilience in Servicemembers (Army STARRS) Pre/Post 90 Deployment Study (Kessler et al., 2013a , Ursano et al., 2014 affords opportunities to examine drinking 91 behavior across the deployment cycle and prospective risk factors for post-deployment alcohol misuse. 92
We estimated prevalence of binge drinking, heavy drinking, and alcohol or substance use disorder 93 (AUD/SUD) among soldiers shortly before their deployment to Afghanistan, and approximately 3 and 9 94 months following their return to the U.S. Additionally, we evaluated associations of socio-demographic 95 characteristics, prior deployment history, combat/deployment stress, personal life stress during 96 deployment (e.g., relationship, family, financial problems), pre-and peri-deployment mental health, and 97 pre-deployment binge drinking with risk of incidence and persistence of both heavy drinking and 98 AUD/SUD at 3 months post-deployment. To further extend the literature on military deployment and 99 alcohol misuse, we utilized the multiple post-deployment PPDS assessments to determine which of the 100 pre-and peri-deployment risk factors contributed to prediction of chronic heavy drinking and AUD/SUD 101 (i.e., alcohol misuse that was present at both 3 and 9 months post-deployment). 102
Method 103

Participants and Procedures 104
The Pre/Post Deployment Study (PPDS) is a multi-wave panel survey of U.S. Army soldiers in 3 105
Brigade Combat Teams (BCTs). Baseline (T0) assessment was conducted during Q1 of 2012, 1-2 months 106 before deployment of the BCTs to Afghanistan. Follow-up assessment occurred within 1 month of re-107 deployment of the BCTs to the U.S. (T1) and at approximately 3 months post-deployment (T2) and 9 108 months post-deployment (T3). Participants gave written, informed consent for the self-administered 109 6 questionnaires (SAQs). Baseline SAQ respondents also were asked for consent for collection of blood 110 samples, linkage of Army and Department of Defense (DoD) administrative records to their SAQ 111 responses, and contact for participation in future assessments. Procedures were approved by the 112
Human Subjects Committees of all collaborating organizations. 113
At T0, 9949 soldiers were present for duty in the 3 BCTs and 9488 (95.3%) consented to the SAQ. 114
Of those who consented, 8558 (86.0%) provided complete data and consent for Army/DoD record 115 linkage. The subpopulation of interest for this investigation was T0 participants with complete SAQ data 116 who subsequently deployed to Afghanistan (n=7742). Because the analysis used data from all waves, the 117 sample was restricted to the 60.0% of deployed soldiers who completed all follow-ups (n=4645). 118
To mitigate impacts of selection factors and enhance generalizability of results to the broader 119 population of deployed soldiers, weights were developed and applied in all analyses (Heeringa et al., 120 2010) . Combined analysis weights include: (1) a propensity-based weighting adjustment for baseline 121 attrition due to incomplete surveys and inability to link to administrative data (e.g., due to absence of 122 soldier consent); (2) post-stratification to map the observed sample of 7742 eligible PPDS soldiers to key 123 demographic and Army service characteristics of soldiers in the three combined BCTs that deployed to 124 Afghanistan after the T0 interview dates; and (3) a propensity-based attrition adjustment to account for 125 7 same occasion on at least 1 day in the past 30 days) and heavy drinking (5 or more drinks…5 or more 134 days in the past 30 days), ratings >1 were coded positive for past-month Binge Drinking (BD) and ratings 135 >2 were coded positive for past-month Heavy Drinking (HD). Missing alcohol binge frequency data were 136 rare (<0.5% at each wave) and coded "0" to yield conservative estimates. 137
Diagnoses of AUD/SUD were based on items from the self-administered Composite International 138 Diagnostic Interview Screening Scales (CIDI-SC; Kessler and Ustun, 2004) , which assessed negative 139 consequences of alcohol and/or drug use and symptoms of dependence. An algorithm employing 140 respondents' ratings was used to diagnose AUD/SUD and results were validated against structured 141 clinical interviews in the Army STARRS clinical reappraisal study (Kessler et al., 2013c) . In the T0 survey, 142 respondents endorsing any lifetime alcohol or drug use rated AUD/SUD items in reference to the period 143 when they used the most alcohol (for those with no lifetime use of other drugs), drugs (for those with 144 no lifetime use of alcohol), or alcohol or drugs (for those with lifetime alcohol and other drug use); 145 yielding lifetime AUD/SUD diagnoses. For T2 and T3 surveys, AUD/SUD items were rated in reference to 146 the past 30 days, yielding past-month AUD/SUD diagnoses. AUD/SUD was not assessed at T1. 147
Because the surveys did not establish whether AUD/SUD symptoms were due to alcohol or drug 148 use (or both), non-alcohol drug use was examined among respondents with AUD/SUD at T2 and at T3. 149
The T2 and T3 surveys assessed past 30-day use of marijuana/hashish; spice/synthetic marijuana; and 150 any other illegal drug; and past 30-day misuse of prescription stimulants, tranquilizers/sedatives, and 151 analgesics. Among respondents with AUD/SUD at T2, 10.0% endorsed use of any non-alcohol drug 1-152 2x/week or more during the month prior to assessment. The same proportion (10.0%) of those with 153 AUD/SUD at T3 endorsed non-alcohol drug use 1-2x/week or more in the month prior to the T3 154 assessment. These data suggest that a large majority of AUD/SUD was in fact AUD. 155
Socio-demographic and Army service variables. Age, sex, race, ethnicity, marital status, highest 156 educational degree, and number of prior deployments were considered as predictors of alcohol misuse. 157 BCT was adjusted for in all models. 158
Combat/deployment stress and life stress. The T1 survey inquired how many times soldiers 159 had experienced 14 highly stressful/traumatic events during the index deployment. Frequency ratings 160 were discretized (0/1 or 0/1/2) and summed to create a Deployment Stress Scale (DSS; range=0-16; 161 Supplementary Table 1 ). The T1 survey also assessed stress during deployment that arose from 7 162 domains of soldiers' lives (rated none, mild, moderate, severe, or very severe; coded 0-4). Exploratory 163 factor analysis using minimum residual estimation and promax rotation indicated that 2 latent factors 164 best explained the covariance of these ratings ( Supplementary Table 2 ). Two life stress variables were 165 therefore derived. The first was Personal Life Stress (PLS), quantified as the sum of ratings of stress from 166 finances, romantic relationships, legal problems, family relationships, and problems experienced by 167 loved ones (range=0-20; Cronbach's α=.76). The second was Military Life Stress (MLS), or the sum of 168 ratings of stress from problems with chain of command and fellow unit members (range=0-8; α=.73). For 169 regression analysis, DSS, PLS, and MLS scores were standardized to facilitate interpretation of results. 170
Standard scores of 1.0 and 2.0 were considered "above-average stress" and "high stress," respectively. 171
Pre-and peri-deployment mental health. Regression models included a variable indicating 172
presence versus absence of any past-month PTSD, major depressive episode (MDE), generalized anxiety 173 disorder (GAD), or suicidal ideation (SI) at T0 (Stein et al., 2015) . PTSD, MDE, and GAD diagnoses were 174 based on items from the CIDI-SC (Kessler and Ustun, 2004) and PTSD Checklist (Weathers et al., 1993) . 175
Validation of these diagnoses was the focus of a prior report (Kessler et al., 2013c) . SI was established 176 with an expanded self-report version of the Columbia Suicidal Severity Rating Scale (Posner et al., 2011). 177 Models also included indicators of soldiers' mental health during deployment. The T1 survey 178 contained 5 items assessing PTSD symptoms during deployment; ratings of these items were summed to 179 9 quantify overall severity of PTSD symptoms during deployment (range=0-20; α=.84). The T1 survey 180 items assessing MDE and GAD symptoms (7 items total) had excellent internal consistency (α=.90) and 181 were summed to quantify overall severity of MDE/GAD symptoms during deployment (range=0-28). The 182 peri-deployment PTSD and MDE/GAD symptom severity measures were standardized prior to regression 183 analysis to facilitate interpretation of results. 184
Data Analysis 185
Weighted prevalence of the following was calculated: 30-day BD and HD at T0, T2, and T3; 186 lifetime AUD/SUD at T0; and 30-day AUD/SUD at T2 and T3. Weights-adjusted logistic regression 187 models were fit to estimate associations of hypothesized risk factors with onset and persistence of HD 188 and AUD/SUD. Models of onset of HD were estimated for soldiers who denied past-month HD at T0; 189 models of onset of AUD/SUD were estimated for soldiers without lifetime AUD/SUD at T0, and 190 persistence models were estimated for soldiers who endorsed the outcome under consideration at T0. 191 Onset and persistence of HD and AUD/SUD at T2 were the primary outcomes. To ascertain which risk 192 factors were associated with chronic post-deployment alcohol misuse, HD and AUD/SUD that were 193 present at both T2 and T3 were considered secondary outcomes. 194
The following independent variables were included in all models: sex, age, race, ethnicity, 195 education, marital status, BCT, number of prior deployments, and pre-deployment emotional disorder 196 (from T0); and combat/deployment stress, personal life stress, military life stress, peri-deployment PTSD 197 symptom severity, and peri-deployment MDE/GAD symptom severity (from T1). Pre-deployment past-198 month BD was included in models of new-onset HD and AUD/SUD. 199 PPDS data are clustered (by BCT and administration session) and weighted; therefore, the 200 design-based Taylor series linearization method was used to estimate standard errors. Multivariable 201 significance was examined using design-based Wald Χ 2 tests. Two-tailed p<.05 was considered 202 significant. Analyses were conducted using R Version 3.3.2 (R Core Team, 2013). 203
Results 204
Descriptive findings 205
Weighted prevalence of past-month binge drinking, heavy drinking, and AUD/SUD is shown in 206 Table 1 . More than half of soldiers endorsed BD at pre-deployment and 3 months post-deployment; 207 lower prevalence was observed 9 months post-deployment. The rate of HD was relatively stable, with 208 approximately one-quarter of soldiers endorsing past-month HD at each wave. Past-month AUD/SUD 209 was slightly more prevalent at 9 months post-deployment than at 3 months post-deployment. Past-210 month AUD/SUD was not assessed at the pre-deployment assessment; however, prevalence of lifetime 211 AUD/SUD at T0 was 20.4% (SE=0.7%). 212
Demographic differences in prevalence of BD, HD, and AUD/SUD were examined and full results 213 appear in Supplementary Tables 3 and 4 . Women exhibited lower prevalence of BD, HD, and AUD/SUD 214 than men at all waves (see Figure 1 for BD and HD results). Relative to White soldiers, Black and Asian 215 soldiers displayed lower prevalence of BD (all waves), HD (all waves except T3), and lifetime AUD/SUD at 216 T0. Whereas other age groups exhibited stable or declining rates of BD and HD from pre-deployment to 217 9 months post-deployment, the youngest soldiers (aged 18-20) displayed substantial increases in BD and 218 HD over the same period (see Figure 2 for HD results). 219
Nearly 1 in 10 soldiers (9.6%, SE=0.4%) had past-month PTSD, MDE, GAD, or SI at T0. On 220 average, soldiers were exposed to 4 combat/deployment stressors during their deployment to 221 
Risk factors for onset and persistence of heavy drinking 229
New-onset of HD post-deployment. Male sex, younger age, never-married status, pre-230 deployment BD, and greater personal life stress during deployment were associated with increased odds 231 of onset of HD at T2 among soldiers who denied HD at T0 ( Table 2) . The adjusted odds-ratio 232 characterizing the association of personal life stress with HD onset indicates that soldiers with above-233 average (z=1.00) and high personal stress (z=2.00) during deployment exhibited 20% and 44% increased 234 risk of post-deployment HD onset, relative to those with average personal stress during deployment. 235
Other demographic characteristics, prior deployments, combat/deployment stress, military life stress, 236 and pre-and peri-deployment mental health factors were not significantly related to onset of HD. 237
Most (62.0%) new HD observed at T2 had remitted by T3 -i.e., frequency of alcohol binges 238 dropped back below the threshold for HD. When onset of chronic HD (present at T2 and T3) was 239 specified as the outcome, similar risk factors were evident. Male sex, younger age, never married 240 status, and pre-deployment BD were significantly associated with onset of chronic HD. However, the 241 association of personal life stress during deployment with onset of chronic HD was not statistically 242 significant (p=.079; Table 2 ). 243
Persistence of HD from pre-to-post deployment. The hypothesized risk factors generally lacked 244 substantive associations with persistence of HD from pre-to post-deployment. Only peri-deployment 245 MDE/GAD symptoms were associated with persistence of HD at T2 among soldiers who endorsed HD at 246 T0 ( Table 2) . Soldiers with above-average (z=1.00) and high MDE/GAD symptoms (z=2.00) during 247 deployment exhibited 20% and 43% increased risk of HD persistence at T2, relative to those with 248 average distress during deployment. MDE/GAD symptoms were not associated with chronic persistence 249 of HD at T2 and T3 (p=.13; Table 2 ). 250 251 Risk factors for incidence and persistence of AUD/SUD 252 Incidence of AUD/SUD post-deployment. Pre-deployment BD and greater personal life stress 253 during deployment were associated with increased risk of AUD/SUD at T2 among soldiers without 254 lifetime AUD/SUD at T0 (Table 3) . Relative to average personal stress during deployment, above-255 average personal stress was associated with 54% increased risk of incidence of AUD/SUD and high 256 personal stress was associated with more than doubled (AOR=2.36) odds of incidence of AUD/SUD. 257
Nearly two-thirds (64.0%) of new-onset AUD/SUD persisted at T3. The same factors -pre-258 deployment BD and personal stress during deployment -were associated with increased risk of 259 incidence of chronic AUD/SUD (i.e., at T2 and T3; Table 3 ). Odds of incidence of chronic AUD/SUD were 260 72% higher among soldiers with above-average personal stress and nearly tripled (AOR=2.94) for 261 soldiers with high personal stress, relative to those with average personal stress during deployment. 262
Persistence of AUD/SUD from pre-to post-deployment. Among soldiers with lifetime 263 AUD/SUD at T0, only greater military life stress during deployment was significantly associated with 264 persistence of the disorder at T2 ( Table 3) . Compared to soldiers with average military life stress, odds 265 of persistence of AUD/SUD at T2 were 20% and 45% higher among soldiers with above-average and high 266 military life stress, respectively. The association of personal life stress severity with persistence of 267 AUD/SUD at T2 was not statistically significant (p=.062); however, greater personal life stress during 268 deployment was significantly associated with chronic persistence of AUD/SUD at T2 and T3 ( Table 3) . 269
Relative to those with average personal life stress during deployment, odds of persistence of AUD/SUD 270 at both T2 and T3 were 30% and 69% higher among soldiers with above-average and high personal 271 stress, respectively. 272
Discussion 273
This prospective, longitudinal study of U.S. Army soldiers from three Brigade Combat Teams 274 reveals associations between personal life stress during deployment and a range of post-deployment 275 13 alcohol misuse outcomes. Among soldiers with no lifetime AUD/SUD pre-deployment, high levels of 276 personal life stress during deployment (defined as standard score of 2.00 or higher on the PLS measure) 277
were associated with doubled risk of incidence of AUD/SUD at 3 months post-deployment; and nearly 278 tripled risk of incidence of chronic AUD/SUD observed at 3 and 9 months post-deployment. In addition, 279 personal life stress during deployment predicted onset of heavy drinking among soldiers who denied 280 drinking heavily pre-deployment and chronic persistence of AUD/SUD (at both 3 and 9 months post-281 deployment) among soldiers with the disorder earlier in life. Binge drinking shortly before deployment 282 also portended onset of more serious alcohol misuse post-deployment; reflected in tripled odds of onset 283 of heavy drinking and nearly doubled odds of incidence of AUD/SUD. In addition to predicting these 284 outcomes at a single post-deployment time point, pre-deployment binge drinking predicted onset of 285 chronic heavy drinking and AUD/SUD that were present at both 3 and 9 months post-deployment. 286
The PPDS survey did not permit differential diagnosis of AUD versus SUD due to non-alcohol 287 drug use. Available evidence suggests the large majority of AUD/SUD in this sample was in fact AUD; 288 only 10% of respondents with AUD/SUD at either post-deployment assessment endorsed regular use of 289 any non-alcohol drug. Prior work also indicates that AUD is more common than drug abuse/dependence 290 among servicemembers (Fink et al., 2016) . Chronicity (persistence at T3) of two-thirds of AUD/SUD with 291 post-deployment onset argues against characterization of these new disorders as transient reactions; 292 and may reflect more enduring stress/adjustment demands associated with deployment to a combat 293 zone and subsequent re-deployment to the U.S. While chronicity was the norm for AUD/SUD with post-294 deployment onset, a minority of new-onset heavy drinking persisted at T3. Considered together, these 295 findings suggest that presence of abuse or dependence symptoms shortly following return from 296 deployment -as opposed to increased alcohol consumption per se -merit greatest concern. 297 The absence of associations of combat stress severity with the alcohol misuse outcomes is 298 counterintuitive, but largely converges with results of two other studies that jointly examined predictive 299 14 effects of combat and personal stress (Cerda et al., 2014 , Thandi et al., 2015 . Although underlying 300 explanations for the greater apparent influence of personal (versus combat) stressors were not explored 301 in the current analysis, some possibilities meriting future study are: continuance of personal stressors 302 into the post-deployment period (versus offset of deployment stress); soldier perception of drinking as a 303 more effective coping tool for everyday stress than for combat stress; concentration of other 304 vulnerability characteristics (e.g., traits predisposing individuals to alcohol misuse) among soldiers with 305 greater personal stress; and increased resilience among those with low stress arising from their personal 306 lives (e.g., relationships are stable/supportive). 307
While we conclude that severity of combat stress was not independently associated with post-308 deployment alcohol misuse in this cohort, we make no inference regarding the effects of deployment 309 (with or without combat exposure) per se on risk of alcohol misuse. A previous large-scale prospective 310 analysis from the Millennium Cohort Study (MCS) addressed that question and found that, relative to 311 not deploying, deployment with combat exposure (but not deploying without combat exposure) was 312 associated with increased risk of onset of binge drinking among active-duty personnel; and with onset of 313 binge drinking, heavy drinking, and alcohol-related problems among Reserve/National Guard personnel 314 (e.g., Jacobson et al., 2008) . We cannot make similar comparisons, as all soldiers in the current study 315 deployed to Afghanistan -with most reporting exposure to several combat stressors. Future research 316 should examine the effects of personal life stress and other risk factors for alcohol misuse in samples of 317 servicemembers deployed to non-combat positions. 318
Contrary to expectation, pre-deployment emotional disorder was not associated with increased 319 risk of post-deployment heavy drinking or AUD/SUD. Peri-deployment PTSD symptoms also lacked 320 associations with the alcohol misuse outcomes; and peri-deployment MDE/GAD symptoms only 321 exhibited an association with persistence of HD from pre-deployment to 3 months post-deployment. 322
These largely null findings diverge from results of prior studies that found relationships between PTSD, 323 15 MDE, and alcohol misuse. Among 358 National Guard soldiers deployed to Iraq, PTSD symptom severity 324 was associated with increased risk of new-onset AUD (Kehle et al., 2012) . Baseline symptoms of PTSD 325 and/or MDE contributed to prediction of incidence of alcohol-related problems (endorsing 1 or more 326 indicators of alcohol abuse) -but not incidence of binge or heavy drinking -in the aforementioned MCS 327 investigation that included both deployed and non-deployed servicemembers (Jacobson et al., 2008) . 328
Disparities in study results may reflect differences in sample characteristics or in the consideration or 329 operationalization of mental health and other predictor variables. Although robust predictive effects of 330 mental health variables were not found in this analysis, alcohol misuse displays consistent cross-331 sectional associations with PTSD, MDE, and other disorders in military samples (Stein et al., 2017; 332 Thomas et al., 2010) ; thus, co-occurring mental health problems must be considered in clinical 333 interventions and other efforts to reduce hazardous drinking and AUD/SUD. 334
Male, younger, and never-married soldiers displayed increased odds of onset of heavy drinking 335 post-deployment, converging with previous findings of elevated risk of hazardous drinking in these 336 subgroups (Boulos and Zamorski, 2016, Jacobson et al., 2008) . The marked increase in risky drinking 337 pre-to post-deployment among soldiers aged 18-20 distinguishes them from others and signals that 338 young soldiers who deploy (particularly those possessing other risk factors) may be a subgroup to 339 consider for targeted prevention efforts, even if the rise is partly attributable to some of them attaining 340 legal drinking age between assessments. 341
More generally, this study conveys information regarding the scope of alcohol misuse among 342 Army soldiers shortly before and at multiple points after their deployment to a combat zone. 343
Approximately half of respondents reported binge drinking and nearly one-quarter endorsed heavy 344 drinking during the month before pre-deployment assessment. Although differences in study design 345 preclude definitive comparisons, pre-deployment prevalence of heavy drinking in this sample (23%) 346 appears similar to prevalence of a related outcome (regular binge drinking; 27%) among Navy/Marine 347 Corps personnel preparing to deploy (Harbertson et al., 2016) . 348
Typical scheduling of the Army's Post-Deployment Health Reassessment (PDHRA) places it in 349 closest proximity to the PPDS T2 assessment. Given that soldiers endorsing heavy drinking would likely 350 score in the high-risk range, it is striking that T2 prevalence of heavy drinking was twice the reported 351 rate of "high risk for alcohol abuse" among PDHRA respondents during 2008 -2014 (Hurt, 2015 . This 352 may signal under-estimation of the true scope of alcohol misuse when non-confidential forms of 353 assessment such as the PDHRA are used (Warner et al., 2011) . Novel aspects of the current investigation include availability of outcome data at both 3 and 9 361 months post-deployment; inclusion of number of prior deployments as a potential risk factor; increased 362 granularity in measurement of combat stress exposure (0-16 index versus dichotomous characterization 363 of deployment status or combat exposure); and joint consideration of a range of peri-deployment 364 stressors and symptoms in relation to post-deployment heavy drinking and AUD/SUD. 365
The study also has several limitations. Conclusive differential diagnosis of AUD versus SUD was 366 not possible. Retrospective self-report data are vulnerable to recall and response biases; in the case of 367 alcohol and drug use assessment, under-reporting may occur. Estimates of non-alcohol drug use might 368 be more susceptible to this bias than estimates of alcohol use given fear of repercussions for admitting 369 drug use in light of the Army's zero-tolerance policy. Under-reporting of both alcohol and drug use 370 17 could have been accentuated at the pre-deployment assessment, due to heightened desires to appear 371 "combat-ready". 372
Weights were applied to mitigate impacts of attrition and to enhance generalizability to the 373 broader population of deployed soldiers. Nevertheless, selection factors may have influenced the 374 results (i.e., soldiers who completed all assessments may have differed from the larger population of 375 soldiers on variables not adjusted for via weights or covariates). The T0 survey did not assess lifetime 376 HD; thus, new-onset of HD could only be defined in relation to drinking during the month before T0 377 assessment. Finally, low representation limited power to detect risk differences for certain subgroups 378 (e.g., females). More research is needed to investigate whether sex differences are present with respect 379 to risk factors for post-deployment alcohol misuse. 380
In conclusion, pre-and post-deployment alcohol misuse was common among soldiers from 3 381 U.S. Army Brigade Combat Teams that deployed to Afghanistan. Severity of personal life stress during 382 deployment -but not severity of combat stress -was associated with post-deployment onset of heavy 383 drinking and incidence and persistence of AUD/SUD. Pre-deployment binge drinking also predicted 384 onset of heavy drinking and AUD/SUD post-deployment. Detection of risky drinking occurring shortly 385 before deployment would provide an opportunity for early intervention to prevent onset of more severe 386 alcohol-related problems. Additionally, efforts to identify and assist soldiers experiencing substantial 387 personal life stress during deployment could prove beneficial not only for reduction of alcohol misuse, 388 but possibly for overall mental health. 389 , R. J., Colpe, L. J., Heeringa, S. G., Kessler, R. C., Schoenbaum, M., Stein, M. B. & Army, S. . H., Appenzeller, G. N., Grieger, T., Belenkiy, S., Breitbach, J., Parker, J., Warner, C. M. &  521 Hoge, C. (2011) . Importance of anonymity to encourage honest reporting in mental health screening 522 after combat deployment. Archives of General Psychiatry 68, 1065-71. 523 Weathers , F., Litz, B., Herman, D., Huska, J. & Keane, T. (1993) Analysis sample was comprised of Pre/Post Deployment Study respondents who completed surveys at all 4 waves: pre-deployment (T0), within 1 month of re-deployment to the U.S. (T1), 3 months postdeployment (T2), and 9 months post-deployment (T3). No data are shown for T1 because neither alcohol binge frequency nor AUD/SUD were assessed at that wave. The T0 survey did not assess pastmonth AUD/SUD; prevalence of lifetime AUD/SUD at T0 was 20.4% (0.7%). .54 (1.25-1.89)  1.72 (1.41-2.09 3 months post-deployment (T2), and 9 months post-deployment. Group n's total slightly less than 4645 due to rare missing gender data. Prevalence of binge drinking and heavy drinking was lower among women than men at all waves [Χ 2 (1)=21.98 to 63.42, ps<.001].
Figure 2.
Weighted prevalence by age group of heavy drinking at pre-deployment (T0), 3 months postdeployment (T2), and 9 months post-deployment. Group n's total slightly less than 4645 due to rare 
Item-level coding for Deployment Stress Scale
Combat patrol/dangerous duty <10 times =0 points; 10 or more times=1 point Fired rounds at enemy/Took enemy fire <10 times =0 points; 10 or more times=1 point Wounded 0 times=0 points; 1 or more times=1 point Had close call (e.g., equipment shot off) 0 or 1 time=0 points; 2 or more times=1 point Unit member seriously wounded/killed 0=0 points; 1 to 4 times=1 point; 5 or more times=2 points Responsible for enemy combatant death 0 times=0 points; 1 or more times=1 point
Responsible for non-combatant death 0 times=0 points; 1 or more times=1 point Responsible for U.S. or ally death 0 times=0 points; 1 or more times=1 point
Witnessed homes/villages destroyed 0 times=0 points; 1 or more times=1 point Directly exposed to death/violence 0 to 4 times=0; 5 or more times=1 point Serious physical assault or fight 1,2 0 times=0 points; 1 or more times=1 point Sexual assault 2 0 times=0 points; 1 or more times=1 point Bullied/hazed by unit members 2 0 times=0 points; 1 or more times=1 point Any other highly stressful experience 2 0=0 points; 1 time=1 point; 2 or more times=2 points Note. Coding schema was derived during preliminary analysis of data from a restricted sample of 1,145 respondents who completed the PPDS T0, T1, and T2 surveys. Scoring was informed by examination of the functional form of relationships of each rating to a clinically salient outcome (new-onset of PTSD or major depression at T2). The Deployment Stress Scale score was computed by summing points assigned for each item (theoretical range=0-16).
1 Separate items assessed physical assault and getting into a fight, but they were collapsed for scoring. 36 2 To isolate combat stress, a shorter form of the Deployment Stress Scale was derived after excluding 4 items. None of the reported results changed when the short form was used in place of the full Deployment Stress Scale.
37 Supplementary Table 2 Latent structure of 7 survey items assessing stress in different life domains: 2-factor model Problems with unit members 0.02 0.73
Note. Exploratory factor analysis was conducted with minimum residual estimation and promax rotation. A range of 1-to 3-factor solutions was attempted; however, an invalid solution was obtained when 3 factors were specified. The 1-factor model was rejected due to poor overall fit (RMR=.10;
TLI=.68; RMSEA=.16). The overall fit of the 2-factor solution was good (RMR=.03; TLI=.95; RMSEA=.06); each item displayed a salient (>.32) loading on one of the two factors; cross-loadings were absent, and the two factors were readily interpretable.
